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ABSTRACT

The nucleotide sequence of the NS gene of the human in-
fluenza virus A/PR/8/34 was determined and found to be the
same length (890 nucleotides) as the NS gene of another human
influenza virus A/Udorn/72 and of the avian isolate A/FPV/
Rostock/34. Comparison of the sequences of the NS genes of
the two human influenza viruses shows an 8.9% difference where-
as the NS gene of the avian isolate differs by only 8% from
that of the human strain A/PR/8/34. The extensive sequence
similarity among these three genes does not support the notion
of species specific homology groups among NS genes of avian
and human influenza virus strains. The primary sequence of
the A/PR/8/34 NS gene is consistent with the finding that the
influenza virus NS gene may code for two overlapping polypep-
tides. In addition, an open reading frame potentially coding
for a polypeptide 167 amino acids in length was found in the
negative strand RNA of the A/PR/8/34 virus NS gene.

INTRODUCTION

Influenza A viruses contain eight single stranded RNA seg-
ments (1-4) each of which encodes at least one polypeptide (5-10).
The genome of these viruses has been shown to undergo continuous
variation for which several mechanisms have been identified.
These include reassortment among the genes of human influenza

viruses, reassortment involving animal influenza virus strains
(11, 12, 13) and sequential mutation in individual genes of
viruses of the same subtype (14). Until recently, direct com-

parison of influenza virus gene sequences was limited to RNA-RNA

hybridization and oligonucleotide mapping techniques. With the

availability of rapid DNA cloning and sequencing techniques, the

absolute differences among the genes of different viruses can be

examined and the extent of variation determined. Furthermore,
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one can use comparative nucleotide sequence analysis to deter-
mine the structural basis for gene expression, regulation and
packaging. Within the last year, the nucleotide sequences
of several hemagglutinin genes (15-20) and one matrix protein
gene (21) have been reported and most recently the nucleotide se-
quences of the nonstructural (NS) protein genes obtained from
two different influenza viruses, one avian isolate, A/FPV/Rostock/
34 (HavlNl) (FPV), and one human isolate, A/Udorn/72 (H3N2) (Udorn),
have been reported (22,23). Results from the analyses of these NS
gene sequences are consistent with previous genetic studies (9,10,
24,25) which showed that the NS gene codes for two overlapping
polypeptides. Lamb and Lai (23) also showed that the NS2 poly-
peptide is most likely translated from a spliced mRNA whose inter-
vening sequence is contained in the coding region of the NS1 gene.

We report here the complete nucleotide sequence of the NS

gene obtained from a third strain, A/PR/8/34 (HONl) (PR8), a human
isolate. We find that the NS gene of the PR8 virus has a nucleo-
tide sequence which is consistent with the coding capacity and
structural organization reported for the FPV (22) and Udorn (23)
virus NS genes. In comparing the PR8 NS gene to that of the FPV

and Udorn viruses we observe greater than 84% homology among the
nucleotide and amino acid sequences of all three genes. This
last observation is in contrast to previous findings based on
RNA-RNA hybridization which places the NS gene of the PR8 virus
and those of other human influenza viruses in a different homo-
logy group from that of the NS gene of the FPV virus (26).

MATERIALS AND METHODS

Virus

The human influenza virus A/PR/8/34 (HON1) was grown in embry-
onated hen's eggs. Virus purification and RNA extraction have
been described (27).

Bacterial strains

E. coli strains DP50/supF and C600 were used to propagate
recombinant X phage and plasmid pBR322 respectively.

Cloning into XgtWES-XB

Double stranded cDNA transcripts of the PR8 viral RNAs were
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prepared as described (28) except that a synthetic oligonucleo-
tide, d(AGCAAAAGCAG)rG (Collaborative Research, Waltham, MA),
which is complementary to the 3' end of all eight RNAs (29, 30,
31) was used to prime first strand synthesis. After digestion
of the double stranded DNAs with S1 nuclease, the blunt ended
DNAs were methylated with EcoRI methylase and EcoRI linkers

(Collaborative Research) were added (32). Following digestion
with EcoRI endonuclease, the cDNAs were ligated to the left
and right arms of XgtWES-XB and recombinant phages were produced
by in vitro packaging of the chimeric DNAs (33). E. coli DP50/
supF cells were infected with phage and the resulting plaques
were examined for influenza virus gene sequences by in situ hy-
bridization (34) using as probe viral RNA which was partially
digested with alkali and 5' end labeled with y-32P-ATP and poly-
nucleotide kinase. The gene derivation of the viral sequences
in each recombinant phage was identified by the "Northern" blot
technique (35): Viral RNA was fractionated by agarose gel elec-
trophoresis and the RNA blotted onto diazobenzyloxymethyl paper
(Schleicher and Schuell, Inc.). Recombinant phage DNA was nick
translated (36) and hybridized to the immobilized RNA. The gene
derivation was determined by the electrophoretic mobility of the
hybridizing RNA segment (5). One NS gene specific insert from a

XgtWES clone was subcloned into pBR322 (37) and designated pAR109.

Direct cloning into pBR322

Double stranded cDNA transcripts of PR8 virus RNA were made
as described above except that the second strand synthesis was

primed with a second synthetic oligonucleotide, d(AGTAGAAACAAG)
(Collaborative Research), which is complementary to the first

twelve residues of the 3' end of the positive cDNA strand (29,
30, 31). HindIII linkers (Collaborative Research) were added

to the DNAs with T4 DNA ligase (generously provided by Dr. Kathy
Squires, Columbia University, New York) and the resulting DNA

was digested with HindIII endonuclease (32). DNA fragments,
fractionated on a 1.5% low melting point agarose gel (Bethesda
Research Laboratories), were visualized by ethidium bromide

staining, excised, extracted and ligated into the HindIII site

of pBR322 (37). E. coli strain C600 was transformed with the
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chimeric DNA by the calcium chloride technique (38), and colony
hybridization with an a-32p-dCTP labeled viral cDNA probe was

used to identify bacterial clones carrying influenza virus
specific DNA (39). The gene sequences contained in each recombi-

nant plasmid were identified by the "Northern" blot technique
described above. One of the NS gene specific clones (pJZ101)
was used for sequence analysis.

DNA sequencing

Three sequencing techniques were used to determine the sequence

of the PR8 NS gene: the chemical method of Maxam and Gilbert

(40); the Forward-Backward method of Seif et al. (41); and the
chain termination procedure of Sanger et al. (42) using restric-

tion fragments of cloned DNA to prime DNA synthesis from viral

RNA with reverse transcriptase (16) (generously provided by
Dr. J.W. Beard, Division of Cancer Cause and Prevention, National

Cancer Institute).
Nucleotide sequence data were stored, edited and analyzed

in a DEC PDPll/45 digital computer using published programs (43,

44, 45).

RESULTS

Initial attempts to clone the NS gene of the PR8 virus re-

sulted in clones which contained inserts less than 550 base pairs
long and could not be representative of the entire NS gene. One
of these clones, pAR109, was used for further analysis. Subse-
quently, a second approach using the synthetic primer
d(AGTAGAAACAAG) which is complementary to the 3' terminal
sequences of full length positive strand cDNA (29, 30, 31) re-

sulted in NS gene specific clones with DNA inserts of more than
800 base pairs. The NS gene specific DNAs from one of the latter

clones (pJZ101) and from pAR109 were screened with several restric-

tion endonucleases and restriction maps were constructed. DNA

sequencing of the ends of these clones and comparison to direct
RNA sequencing of the PR8 virus NS gene (29, 30, 31) showed that

the pAR109 insert is 530 base pairs long and lacks the first 23

residues found at the 3' terminus of the NS gene vRNA. The pJZlol

insert was found to be identical to the 5' end of the NS vRNA and
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Figure 1. Sequencing strategy and restriction endonuclease
maps of the NS gene inserts. The DNA inserts from clones
pJZlOl and pAJ109 are shown with their restriction endonuclease
sites and are aligned with respect to the PR8 NS gene. The
large closed rectangles represent the synthetic HindlII and
EcoRI linkers at the ends of the cloned DNAs. Arrows indicate
t1ie direction of sequencing and the length of the sequence
determined by a particular technique; (0) the Forward-Backward
technique of Seif et al. (41), (a) the chemical method of
Maxam and Gilbert (40), (.13) the chain termination technique
of Sanger et al. (16, 42).

it extends 843 residues to the internal HindIII site at a posi-
tion 47 nucleotides from the 3' end of the vRNA.

The strategy used to determine the nucleic acid sequence of

the PR8 virus NS gene is shown in figure 1 and the complete nu-

cleotide sequence and predicted amino acid sequences of the viral

polypeptides are presented in figure 2. The first initiation

codon in the PR8 virus NS gene is found at positions 27 to 29 and

Figure 2. (Overleaf) Complete nucleotide and predicted amino acid
sequences of the PR8 virus NS gene and comparison to those
of the NS genes of the A/?PV/Rostock/34 and A/Udorn/72
viruses. Nucleotide differences among the sequences are
underlined, and amino acid changes are indicated by rectangles.
The arrowheads indicate the possible splicing sites for the
NS2 genes. The NS gene sequences of the A/FPV/Rostock/34
and A/Udorn/72 viruses are taken from references 22 and 23
respectively.
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NS1 & N82 (NS 1 O-)
30 60

AP/IJSTOC 0 R6CAAAFCR 6T69CAARACATA AT6 6AT TCC RAC RCT GTG TCA A6C TTT CAS'PTA SAC

MET ASP SER ASN THR VAL SEP SEP PHE L"AVAL ASP

APR8/34 A6CPAAAGCAR66TACT6AAACATA ATG 6AT rCCAAAC ACT GTG TCA SAC TTT CR6ASGTA 6T

AET ASP PO ASP THP VAL SEP SEP PHE GLN VAL ASP

A/UORI/72 A6CAA9AACA666TGACRPAAPCRTA AT6 SAT TCC RAC ACT 6T6 TCA SAT TTT CSAGGTA SAC
AET ASP SEP ASH THR VAL SER SER PHE GLNAVAL ASP

120
T6C TTT CTT T66 CRT STC CGC FAP C6A 6CR 6AC CAP SAR 66T SAT 6CC CCA TTC CTT SAC CGA CTT CGC

CYS POSE LEU TRP HIS VAL ARP LYS AR6 RJALARSP 6LS GLU JSLY ASP ALA PRO PHE LEU ASP ARP LEU ARG

T6C TTT CTT T66 CAT GTC C6C RAA C6A GTT 6CA SAC CPA 6SR CTA 66T SAT 6CC CCA TTC CTT SAT C65 CTT CSC
CYS PHE LEU TRP HIS VAL RP6 LYS ARG VAL ALA ASP 6LS 6LU LEU SLY RSP ALA PRO P11E LEU ASP ARP LEU ARP

TSC TTC CTT T66 CAT PTC C6A AArPRP iTTiTA SAC CPA PAP CTA 66T 6AT 6CC CCA TTC CTT GOT CGG CTT CGC
CYS PHE LEU TRP HIS YRL RRA LYS VAL VAJASP PLP 6LU LEU 6LY ASP ALA PRO PHE LEU ASP ARP LEU APP

150 180 210
CPA 6ST CA6 ARP TCC CTS A66 66SA AP 66C A6C RCT CTT 66T CTP SRC RTC RCA GCT ACT CST GTT GSA RPA

ARP ASP SLP LYS SER LEU ARP 6LY ARP 6LY SER THR LEU TLY LEU ASP ILE[7JTHR ALP THR ARP VRL PLY LYS

C6A SAT CA6 MA TCC CTA RAP SPA R66 SOC APC ACC CTC 66T CTP GMC ATC PAP ACA 6CC ACA CGTrg_M S6A ASR

RRP ASP SL LYS SEP LEU RR6 SLY APP 6LY SEP THR LEU SLY LEU ASP ILE SLU THR RLA THR API.RLAI SLY LYS

CPA PAT CA6 PAP TCC CTA A66 SPA APP 66C SAC ACT CTC 66T CTS [ RTC 6RRrW6CC ACC 6 TT SPA RPA

ARP ASP SL LYS SER LEU RP6 SLY ARP SLY SER THR LEU 6LY LEU[SJILE 6LUj RLP THP HSJVAL SLY LYS

240 270
CPA PTA GT6 6PO C66 OTT CT6Pr61TRC PAR TCC PRT PAP 6CA CTT RAR OTP RCCAT_ GCC TCT PTA CCT GCTr_
6LN ILE YAL 6LU AR6 ILE LEU USPS6LU SEP ASP 6LU ALP LEU LYS PET TARI..L ALP SER VOL PRO ALPjJRJ

CPA RTA GTG PAP CGG RTT CTG PAR AR 6PAR TCC PAT PAP 6CR CTT PAR ATG ACC ATG 6CC TCT GT9 CCT 6CP TC6

6LS ILE VOL GLU AP6 ILE LEU LYS GLU SLU SER ASP 6LU ARL LEU LYS PET THR PET ARL SEP VOL PRO 01 SEP

CPA6 TR PTA 6APR6 RTT CTG 9RA PAR PRR TCT SAT PAP 6CR CTT APP RTG ACC RTG 6CC TCC WJCCT GCT TCI
6LS ILE VOL SIU IT ILE LEU LYS GLU 6LU SER ASP 6LU ALP LEU LYS PET THP PET ALA SEP PRO RLA SEP

300 330 360
CGS TAC CTR ACT SAC RT6 ACT CTT PAR 6PA ATP TC RP66 SAC T66 TTC RTP CTC RT6 CCC PAR CAP APR GT6 6CP

ARP TYR LEU THP ASP MET THR LEU GLU 6LU PET SER ARP RSP TPP PHE PET LEU MET PRO LYS 6LS LYS VOL ALA

CPT TSC CTR ACT 6RC ATG ACT CTT SAG SAP AST TCR PAP SAC T66 RTP CTC CCC APP CP6 RPA 6T6 6CS
ARP TYR LEU THR ASP PET THR LEU GLU 6LU PET SEP ARP ASP TRPP SEI ET LEUG IE PRO LYS SLN LYS VOL ALP

C6A TRC[MiA ACT 6AC ATS ACT T R66RPAPPAP TCR APP SAC T66 TTC RTG CT9 RTG CCC RAP CPA 9PA PTP

RR6 TYRILEjTHRASP PET THAP ILE6LUI S U SER RR6 ASP TRP PHE PET LEU PET PRO LYS SLN LYS VRL

390 420
66C CTS SAC PI R6AR ATS PRC CAR PC6 RTC ATSP PRAP ARC RTC STP CTP APR SCI ARC TTC A6T 0T0 ATT

6LYS LEU CYS ILE PRO PET ASP SLN ALP ILE PET[GLYITS ASP ILE ILE LEU LYS RLR ASM PHE SEP VOL ILE

66C CCT CTT T6T ATC ARASTS 6C CR6 PCP PTC AT6 6RT PA6 ARC RTC RTA CTP RPA SC6 ARC TTC APT PTP PTT
SLY PRO LEU CYS ILE ARP PET RSP 6SI ALA ILE PET ASP LYS RSP ILE ILE LEU LYS ALA ASP PHE SER VOL ILE

66R CCT CTT TSC PITC R6 aWYiPC CAR 6CR RTC RT6 PAT RPA ARRC PTCSrMTTrS PAR 6CS APT TTC ART PT6 ATT

6LY PRa LEU CYS ILE FPP ASP 6LP ALA ILE PET ASP LYS ASP ILELPE]TLEU LYS RLA ASP PHE SER VRL ILE
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4564"a S1
TTC GAT CEO CTG GM OCT CTC 0T0 CT" TTO 6 OCT WRCU 60 66R 6CR OTT 6TC 66C 60R RTT TCR CCR
PIE RV MO LOU 6LU TIE LOU ILE LEU LEU A1t6 OLRjA THIR GJLU GLY ALA ILE VOL SLY 6LU ILE SOR PR

TTT 6SC COO CT6 606 OCT CTO MTN TTS CTR 06 OCT TTC OCC 600 6R5 660 6CO ATT GTT 66C 6AR RTT TCA CCR
PHE RSP 06 LEU GLU THR LEU ILE LOU LEU 006 ALA PHE THR 6LU 6LU SLY ALA ILE VOL SLY 6LU ILE SOP PRO

TTT SRC C66 CTA 606 0CC CTO ATM TTO CTR 066 OCT TTC 0CC 600 606 660 WCA OTT GTT 6SC 600 RTC TCA CCO
PHE ASP 0O6 LEU 6LU TIE LOU ILE LEU LEU 006 ALA PHE THR 6LU SLU SLY RLA ILELVL SLY 6LU ILE SEO PRO

CCOa0 CAT OCT 540 570TTG CCT TCT CTT CC 60RCAT XCT6 ^66AT STC 000 OAT GCM OTT 666 6TC CTC RTC 660 6S0 CTT 600 T66
LEU PRO SOE LEU PRO. SLY HIS THIEI LU RSP VOL LYS ASP ALA ILE SLY VOL LEU ILE 6LY SLY LEU SLU TRP

fSP ILE LEU [ OG6 ET SOR LYS MET ELM LEU ELY SER SER SER ELU ASP LEU ASH ELY

TT6 CCT TCT CTT CCR LR CRT OCT 606 EAT STC 00 00T ECROIYI56O STC CTC RTC S6666A CTT 6R0 T66
LEU PRO SEOS LOU PRO SLY HIS THRIE 6LU ASP VOL LYS SH ALA l LLEU ILE &7 LY LEU 6LU TOP

fSP ILE LEU LEU 0R6 MET SOR LYS MET SLP L EU sO S 6SER mx LOASS SLY

TT6 CCT TCT CCF !in COT OCTM 606 6RT STC 000 M0T 6CR TT 666 GTC CTC ATC 660 66A CTT 600 T66
LEU P PRO SLY HIS THRM jLU ASP VRL LYS RS ALA ILE 6LY VOL LOU ILE ELY ELY LEU SLU TRP

ASP ILE LEU LEU AS6 MET SER LYS PET ELM LEU ELY SOt SEO SEP SLU ASP LEU ASP SLY
600 630 660

RRT EAT FRC FCR 6TT C6R 6TC TCT 600 OCT TCOS 00M TTC 6CT TO6 060 AC R6T RRT 6SO OAT 66 66R CCT

AS11 ASP ASh TE VOL 0 VOL SOW 6LU THI FM PIE ALA TOPA06 SOS SO AM ELU ASP ELY YPRSO
MET ILE TIE ELM PHE 6LU SOS LOU LYS LOU TYR 0R6 ASP SEO LEU ELY SLU ALA VOL PET 0R5 MET SLY ASP LEU

POT EAT FMC OCA STT COR 6TC TCT 60R OCT CTA CM 060 TTC OCT TC6 000 MC A6T ORT 606 OAT 666 RMA CCT
ASH AMSP ASH THR VOL ASS VOL S0 6LU TIE LOU EL 006 PIE ALA TOP 05 SU SO ASH6LU AP ELY 0O6 PRO
MET ILE THR ELM PHE GLU SOR LEU LYS LOU TYR fMS SP SER LEU ELY 6LU ALA VRL PET MSt PET ELY AISP LOU

OAT SOT MOC OCR 6TT CCR 6TC TCT [j ACT CTR CM 060 TTC OCT TSOjC 06T OAT EM OAT 666 060 CCT
RSP ASP RASP THR VOL RR6 VOL St.LXTMI LU ELM 006 PHE ALA TSP l tSOS SER ASP GLU ASH SLY RR P

MET ILE TIE ELM PIE ELU SO LEU LYS LOU TYR ME A SOM LOU ELY ELU LA VOFL MET MS PET ELY RSP LEU
O _ 720

CCA CTCm~TCCAAM CR6 000 Cr 0 06 O6R RO OCR ATT r TCO am TER AM OAT OAS AT6 6TT OAT

PRO LEU PfOYPRLWnM LYS 06 LYS MET LRA TIPS ILOLjIOS 6UIE (230 A.A.)
HIS SOS LEU1LPISERRJM ASPI ELY LYS TRP MS 6LU ELM LEU Si.!LM LYS PHIE LU SLU ILE RR6 TRP LEU ILE

CCR CTC OCT CCR 000 CR6 R00 COf 4IW iT S0CS 1O OTT A6 TC 00RA TT T6A WAOMT MS ATS OTT 6ET

PRO LOU THO PRO LYS ELM LYS WPTA L!yTIM ILE MO S SWELU VL (230 A.A.)
HIS SP? LEU L ASHR SP06 SI AJLYSTOP LU SLA LEU ELY E LYS PHE 6LU 6LU ILE AS6 TRP LEU ILE

CCR CTT OCT CCA 0M CR6 000 C66 00 AT6 OC6R CO j6A TCAn16TT E6 MAGTR W MT66CT
PRO 'LHR PRO LYS ELM LYS ASS LYS PET MA TIR ASS SEltOS YRL M6 MR6 ASP LYS MET ALA (237 L.A.
HISL6J LEU ELMAPI ME ASP ELY LYS TRP MS ELU SLM LEU ELY ELM LYS PIE 6LU GLU ILE 006 TRP LEU ILE

750 700. 610
T PAA 60R STE 06R COT 060 TT6FM RT OCR SR6MOT M6T TTT 60 CM ATA OC TTT ATS CR0 6CC TTA CM

ELU ELU VOL 0R6 HIS ASS LOU LYS ILE THI 6LU RAS SEO PHE ELU ELM ILE THR PHE PET ELM RLA LEU ELM

T 6sm 600 6T6T 060 Ox (=CT6 A06 ATA CR 606 OAT M6T TTT 606 CM RTA OCR TTT OTG CFO 6CC TTA
6LU ELU VOL 0R5 HIS LEU LYS ILE THR ELU ASP SEO PHE 6LU ELP ILE THR PHE PET ELM ALA LEU0 j

T 6"0 60 6T6T M" CRC 060 CT6 AMMS ACR EM6 OAT A6T TTT 606 CR ATR OCR TTC ATE CRR 6CC TTA CO6
6LU ELU VRL MO HIS 056 LOU LYS TMIP 6LU ASPI SEO PHE GLU ELM ILE THI PHE MET ELM RLA LOU ELM

640 070 60
CTT 6A OTS GM6 CM SM6 ATA 06 OCT TTC TC6 TTT CM CTT RTr TMAT6RT AACCCTTETTTCTRCT

LLOU ELU VOL ELU ELm sLU ILE MS THI PHE SOS PHE ELM LEU ILE (121 A.--)

CTA TTC CTT 60A OTS 600 CM 506 WTA 06 CT TTC TCS TTT CM6 CTT OTT TR6TAT RCCCTTr TTTCTCT
LEU LOU LOU ELU VOL ELU ELM 6LU ILE MS THR PIE SER PHE ELP LEU ILE (121 a.A.)

CTA 50l0GM CRC 006 010 0 ACT TTC TC6 mT CM CTT OTT TMATSOTOOOAOACCCTT6TTTCTOCT
CLU VL LU P ELU ILE 6M THI pIE SEt PIE ELM LEU ILE (21 L.A.)
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the reading frame remains open until the termination codon at
nucleotides 717 to 719. This region has a coding capacity for a

polypeptide of 230 amino acids. A second reading frame starting
at positions 469 to 471 can encode a polypeptide of up to 131
amino acids in length. Lamb and Lai (23) have demonstrated that
a second polypeptide, NS2, may be translated from a spliced mRNA,
the 5' end of which is the same as the NS1 mRNA. Our sequence
contains the same potential splicing signals and is consistent
with this gene arrangement. Possible splice signals are found

at nucleotide positions 54 to 57 and 526 to 529 of the PR8 NS
RNA. This spliced mRNA would code for a polypeptide 121 amino

acids long.

The NS gene sequence and predicted amino acid sequences of
the PR8 virus are compared to those of the FPV (22) and Udorn
(23) viruses in figure 2. The PR8 virus NS gene is 890 nucleo-

tides long and is the same length as that found for the FPV and
Udorn virus NS genes. Table 1 lists the percentage of single
base differences among the nucleotide sequences of these three

genes while table 2 presents the differences deduced for their

amino acid sequences.

DISCUSSION

Examination of the complete sequence reveals that the PR8
virus NS gene is 890 nucleotides long and may code for at least
two polypeptides. The structural organization of the NS1 and
NS2 genes within the smallest RNA segment of the PR8 virus
genome is consistent with the model proposed by Lamb and Lai
(23) for that of the Udorn virus NS gene. This model predicts
that the mRNA of the PR8 virus NS2 gene may derive from a
splicing event which excises sequences that encode a portion
of the NS1 gene.

In a study by another group, the sequence of the 3' ter-
minal portion of the PR8 virus NS gene has been determined by
chain termination sequencing using a synthetic oligonucleotide
to prime cDNA synthesis (46, 47). Among the 126 nucleotides
that were reported, there are six differences relative to the
PR8 NS gene sequence presented here and these base substitutions
would result in two amino acid changes. Clonal variation might
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explain the 5% difference between the two PR8 gene sequences;

however, in a study that compared the nucleotide sequences of

two hemagglutinin genes derived from viruses isolated three

years apart, a difference of only 3% was noted (16).

We have compared the complete nucleotide sequences derived

from the NS genes of the FPV, PR8 and Udorn viruses and find

that all three NS genes are 890 residues long. The small number

of differences observed among these NS genes clearly demonstrates

that they are closely related and could have derived from a

common ancestral gene. A comparison between the NS genes of the

PR8 and FPV viruses shows an 8% difference resulting from

single base changes. The comparison between the NS genes of

the PR8 and Udorn viruses shows a slightly greater difference of

of 8.9% (see table 1). It appears from this observation that

the PR8 virus NS gene is more closely related to the FPV NS gene

than to the Udorn NS gene. This is in contrast to previous

findings based on RNA-RNA hybridization analysis which showed

that the PR8 NS gene is in a homology group distinct from

that of the FPV virus (26). The suggestion that RNA-RNA

hybridization analysis can be used to group the NS genes of

human and avian influenza viruses into species specific homo-

logy groups is thus not supported by the available nucleotide

sequence data. However, sequencing data from additional human

and avian influenza virus strains will be necessary to resolve

this point.

We have also compared the amino acid sequences deduced

from the three NS gene sequences. The NS1 polypeptides of the

human strain PR8 and the avian strain FPV are of equal length

(230 amino acids) whereas that of the other human strain Udorn

is seven amino acids longer. The NS2 polypeptides of all three

strains appear to have the same length of 121 amino acids. The

observation that the NS2 polypeptides show fewer amino acid

differences (6% to 8%) than do the NS1 polypeptides (10% to 15%)

may indicate that the NS2 portions of the NS gene are more

faithfully conserved (see table 2).

It is interesting to note that the negative strands of the

three NS genes have an initiation codon at a position 98 residues

from their 5' ends and an open reading frame that extends to
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residue 598 in the NS genes of the PR8 and FPV viruses and to
residue 745 in the NS gene of the Udorn virus. A polypeptide of
167 amino acids would be predicted for the negative strand of the
PR8 and FPV virus NS genes and a polypeptide of 216 amino acids
can be predicted for that of the Udorn virus NS gene. The absence
of termination codons for such a long distance is unexpected,
since the probability of finding an open reading frame of 167 or

216 amino acids is 0.0003 and 0.00003, respectively. (This cal-
culation is based on the random appearance of three termination
codons out of the 64 possible triplets.) Conversely, 7-12 termi-
nation codons are found in each of the remaining reading frames
over the corresponding area of the FPV and PR8 NS genes and

similarly 11 and 14 termination codons are observed in the two
remaining reading frames of the Udorn NS gene. The significance
of the "agnogene" sequences (48) in the influenza virus NS

genes is not known but merits further investigation.
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